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Abstract 
This study aims to carry out a preliminary assessment for pollutant sources identification using a statistical approach consisting 
of analysis of variance (ANOVA) and principal component analysis (PCA). Substantially, both statistical methods were applied 
to assess whether there was a significant difference between sites, and also to identify pollution sources for each monitoring site. 
Results from PCA reveal that the most significant factor loadings were dominantly covered by nitrogen dioxide (NO2), carbon 
monoxide (CO) and particulate matter (PM10) emission for most of the sites, followed by other major air pollutant contributors, 
namely, sulphur dioxide (SO2) and ozone (O3). 
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1. Introduction  
Air pollution and haze events are no longer new incidents within the Klang Valley area in Malaysia. Haze events 
have become one of the causes of international controversy issues among neighboring countries. Besides, the 
behavioral of haze that migrates to adjacent countries will eventually lead to pollution in those countries. The worst 
event of haze is known to heavily impact not only humans, but also other living organisms such as animals, crops 
and other human properties. Klang Valley is one of the popular economic zones in Malaysia, with large-scale 
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physical development in urbanization, industrialization and infrastructure [9] that has caused a great decline in the 
air quality level [2,4]. Normally, mobile sources are the predominant contributors of air pollution, especially in 
urban areas in most developing countries [12,22]. Analysis of variance, commonly known as ANOVA, was 
performed in order to compare the means of multiple variables or parameters using a single comparison factor. 
Meanwhile, multivariate analysis multivariate analysis is a method of classifying, modelling and interpreting large 
data sets, including environmental data [10]. For this preliminary study, PCA was applied to identify the major 
sources of air pollutants at selected sampling sites monitored in Klang Valley, Malaysia. 
2. Methodology  
2.1. Location of air quality monitoring stations 
Klang Valley has been chosen as the study area because of its recent massive contribution in air pollutants. Site 
coding for each monitoring station is generally given by the Department of Environment (DOE) itself: Port Klang–
CA0011, Petaling Jaya–CA0016, Shah Alam–CA0025, Cheras–CA0054 and Batu Muda–CA0058. Detailed 
locations and coordinates, as well as surrounding land uses of the stations, are summarized and visualized in Table 1 
and Figure 1 accordingly.  
 
 
 
 
 
 
 
 
 
 
Fig. 1. Selected Air Quality Monitoring Stations in Klang Valley 
Table 1 Selected Air Quality Monitoring Stations in Klang Valley region 
Monitoring Station  Location and Coordinate Area Category Surrounding Land Use 
Port Klang 
(CA0011) 
Raja Zarina Girls School, 
Port Klang 
(N 3.009994 E 101.408374) 
 
Urban  Located in the housing area and just beside the major road of Port 
Klang (Persiaran Raja Muda Musa). The surrounded housing area 
includes villages and industrial areas. Port Klang is one of the major 
industrial towns in Malaysia with a high volume of heavy vehicles.  
Petaling Jaya  
(CA0016) 
Sri Petaling Primary School  
(N 3.109474 E 101.638829 )  
Industrial 
 
Located in a residential area and near Jalan Utara; it includes a light 
industrial area. It is surrounded by residential, commercial, light 
industrial and green areas. It is the nearest to the city of Kuala 
Lumpur. 
Shah Alam  
(CA0025) 
TTDI Jaya Primary School  
(N 3.104710 E 101.556179) 
Urban  Located in a residential area and surrounded by an airport and several 
ponds. Also, it is located near to the major roads, but the traffic 
density is lower in comparison to Petaling Jaya, and it is only 
significant during peak hours, which are during the morning and late 
afternoon [4].  
Kuala Lumpur 
(CA0054) 
 
 
Seri Permaisuri Secondary 
School, Cheras 
(N 3.106222 E 101.717909) 
Urban  Includes both residential and industrial areas. Several boarding 
schools are located here: Seri Permaisuri Primary School, SM Sains 
Selangor, SM Teknik Cheras and SM Sains Alam Shah. A nearby 
major road is Maju Expressway. 
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(CA0058) Batu Muda Primary School 
(N 3.212417 E 101.682209)  
Urban  Includes industrial, residential and business areas. Nearby the Duta 
Ulu Kelang Expressway and Lake Tasik Indah. 
2.2. Data  
The air quality level and status was continuously monitored by DOE for 24 hours each day, which is controlled 
from the automated air quality control remote station [7]. The data were collected from January 2009 until 
December 2013, and were retrieved from DOE. Referring to the DOE [6], the selected pollutants were monitored 
due to their presence as major air pollutants, which is in line with the criteria pollutants from other countries and the 
World Health Organization. The major air pollutants are sulphur dioxide (SO2), nitrogen dioxide (NO2), level ozone 
(O3), carbon monoxide (CO), and particulate matter with a diameter less than 10 microns (PM10).  
2.3. Statistical approach 
Analysis of variance (ANOVA) is widely known as one of the statistical approaches used to analyze the 
differences between a group means and their corresponded procedures. Fundamentally, ANOVA provides a 
statistical test on whether or not the means are equal between groups, comparing several group means for statistical 
significance. Universally, ANOVA is notable as the simplest form of quantitative analysis by comparing means of 
different variables, and thus generalizes the statistical test, known as a t-test if applied on more than two groups. In 
the meantime, principle component analysis (PCA) is a technique to identify linear combinations of the original 
variables that are useful in accounting for the variation in those variables. This can effectively cluster the variables. 
PCA provides the most significant and meaningful variables showing the source of the variation, since, during the 
analysis, less significant variables are excluded from the whole data set with very minimum loss in the original 
information [17]. Factor loadings are the main results of PCA that represent both variable contributions to certain 
PCs, and how well one variable is similar to the others. Even though the termed PCA and factor analysis (FA) are 
quite similar in many ways, they do differ in certain cases. In PCA, the original variables are transformed into a 
smaller set of linear combinations with all of the variance in the variables being used. In contrast, in FA, factors are 
estimated using a mathematical model, whereby only the shared variance is analyzed. Generally, higher variable 
loadings indicate more variables are contributed to the variation accounted for by the specific PCs. In practice, 
loadings with absolute values more than 0.5 are considered for the interpretation of the principal component [13]. In 
addition, an eigenvalue greater than or equal to 1 is commonly counted as having a statistically significant means for 
PCs [21].  
3. Results and discussion 
3.1. Analysis of variance (ANOVA) 
One-way analysis of variance was conducted to explore whether there are significant differences in the mean 
scores between stations (sites). The results of one-way ANOVA analysis revealed that there was a statistically 
significant difference between sites, with p-value < 0.05 for each type of air pollutant. Subsequently, to determine 
which stations differ, a Tukey-Kramer procedure was used to simultaneously make comparisons between all pairs of 
groups. Overall, the results have shown that they almost all have significant differences between stations. Table 2 
shows an example of a post-hoc table for SO2 pollutants for each site. Note that by using α=0.05, comparisons with 
an overall error rate of only 5% are able to be performed. Concurrently, mean comparison between years was also 
performed, and demonstrated the same results as in the comparison between stations for all types of major air 
pollutants, thus indicating that this preliminary study is crucial to be executed for further research. 
Table 2 Post-hoc table of Tukey-Kramer procedure for each site with SO2 pollutant as example 
Site ID (I) Site ID (J) Mean Difference (I-J) Std. Error Sig. 95% Confidence Interval Lower Bound Upper Bound 
CA0011 CA0016 .00185* .00010 .000 .0016 .0021 
CA0025 .00176* .00010 .000 .0015 .0020 
CA0054 .00317* .00010 .000 .0029 .0034 
CA0058 .00321* .00010 .000 .0029 .0035 
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CA0016 CA0011 -.00185* .00010 .000 -.0021 -.0016 
CA0025 -.00009 .00010 .915 -.0004 .0002 
CA0054 .00131* .00010 .000 .0010 .0016 
CA0058 .00136* .00010 .000 .0011 .0016 
CA0025 CA0011 -.00176* .00010 .000 -.0020 -.0015 
CA0016 .00009 .00010 .915 -.0002 .0004 
CA0054 .00140* .00010 .000 .0011 .0017 
CA0058 .00145* .00010 .000 .0012 .0017 
CA0054 CA0011 -.00317* .00010 .000 -.0034 -.0029 
CA0016 -.00131* .00010 .000 -.0016 -.0010 
CA0025 -.00140* .00010 .000 -.0017 -.0011 
CA0058 .00004 .00010 .993 -.0002 .0003 
CA0058 CA0011 -.00321* .00010 .000 -.0035 -.0029 
CA0016 -.00136* .00010 .000 -.0016 -.0011 
CA0025 -.00145* .00010 .000 -.0017 -.0012 
CA0054 -.00004 .00010 .993 -.0003 .0002 
Dependent variable: SO2 
Tukey HSD 
*. The mean difference is significant at the 0.05 level. 
3.2. Principal component analysis (PCA) 
 Table 3 represents the main results of principal components for each site based on the five major air pollutants. 
For site CA0011, which is located in Port Klang, two main principal components were generated. These components 
described a total variance of 60.28% of the data. The first principal component (PC1) comprises two air pollutants, 
which are CO and PM10. Particulate matter is known to be one of the main pollutants in ambient air, especially in 
urban areas [1,20]. Normally, the major sources of this type of pollutant comes from motor vehicle usage and 
industrial activities, and since Port Klang is one of the industrial towns with a high volume of heavy vehicles, (the 
monitoring site is also located just beside the major road of Port Klang), PM10 mass concentration tends to be 
accumulated in this particular area. Similar to CO emission, the primary causes of the emission is due to the same 
reason reported by the DOE [8] of which 97.1% of CO emission released into the atmosphere in Malaysia is 
dominantly caused by transportation activities that include emissions from motor vehicles (both private cars and 
businesses owned vehicles). In addition, the total estimation of emission released was over 1.4 million metric tonnes 
in 2008, of which is caused by the overwhelming number of registered vehicles (more than 19 million in the 
country) [8].  
 The second principal component (PC2) consists of only one pollutant, which is SO2. Similarly, site CA0054 also 
constitutes SO2 as one of the principal components attained, with a factor loading of 0.78. Conventionally, the 
natural sources of SO2 are commonly produced from volcanoes, oceans, biological decay and forest fires, as well as 
other industrial processes. Since Malaysia is in absence of any volcanic activities, SO2 is considerably being 
generated by coal and petroleum combustion from vehicles and power stations. In fact, Port Klang is widely 
recognized as the largest port in the country, and the area is also occupied with one of the oldest gas turbine and coal 
fired power stations operated in Malaysia. The air pollutants released from this coal combustion activity is 
commonly associated with the emission of nitrogen oxides, sulphur dioxide, particulate matter, mercury, carbon 
dioxide and many other substances that are detrimental to human health [14]. 
 Site CA0016 in Petaling Jaya shows a different combination of corresponded principal components for both 
results from the application of PCA. The first principal component is NO2 and CO, which implies that both 
pollutants are the major outdoor pollutants in Petaling Jaya. Typically, CO is produced from incomplete combustion 
of vehicle fuel engines [3]. As specified by USEPA, the transportation sector emitted up to 77% of CO emission in 
the entire world [18]. Besides, NO2 oxidization of fuel from nitrogen oxides with the load and speed of vehicle [11] 
may advocate that the traffic congestion in this particular area is a possible contributor to the increment of air 
pollutants. O3 also shows a high significant impact on air pollution in the second principal component, with a factor 
loading of 0.93. In addition, O3 is also dominant in site CA0025 (Shah Alam), with a factor loading of 0.94. O3 is a 
secondary pollutant that has been generated in the atmosphere from the mix of nitrogen oxides (NOx) and volatile 
organic compounds (VOCs) in the presence of sunlight. Due to the intensity of UV radiation from sunlight, the 
concentration of O3 is always recorded at a higher concentration in the afternoon [4]. As reported by Rahman et al. 
[15], O3 was found to be negatively influenced by wind velocity. Significantly, high wind speed was discovered to 
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have a precipitation effect to clear air pollutants from towns [16]. This revealed that high wind velocity declines the 
susceptibility of pollutants to accumulate, but instead, the pollutants disperse in the air.    
 Simultaneously, the first principal component for the other three sites in CA0025 (Shah Alam), CA0054 
(Cheras) and CA0058 (Batu Muda) can be summarized into three strong factor loadings in Table 3; NO2–0.77, CO–
0.88, PM10–0.76; NO2–0.73, CO–0.76, PM10–0.72 and NO2–0.76, CO–0.77, PM10–0.83 respectively. NO2 is 
commonly generated from vehicle exhaust, where this gas is formed at high temperatures. Stationary sources such as 
electric utilities and industrial boilers are among the sources releasing the NO2. This ensures that all of these sources 
are the main reasons why the NO2 emission is considered to be significant in these areas, which are located in, and 
surrounded by, domestic areas (residential, schools and businesses sectors). The dominant sources (indoors) are also 
known to caused by the combustion processes such as unvented combustion appliances like gas stoves from houses, 
and may be come from the tobacco smoke as well. High concentrations of NO2 is a major concern because it plays 
an important role on the reactions that take place in the atmosphere, where it produces ground-level ozone, or smog.  
 According to Azmi et al. [4], the concentrations of CO, NO2 and SO2 are found to be higher in Petaling Jaya, 
which is caused by the heavy traffic where it is found to be stable from midday toward late afternoon. A similar 
trend was recorded in Gombak, but with lower values of NO2. However, the trend of NO2 in Shah Alam shows that 
there is a significant peak of NO2 concentration during the morning time, which eventually decreases towards 
midday, and increases again in the late afternoon or early evening. The fluctuations of NO2 concentration reveal that 
there is a mobilization of motor vehicles around that area, where the majority of people living there use motor 
vehicles as a means of transportation. Subsequently, the results shown in Table 3 also indicate that the reason why 
the NO2 and CO concentrations were high was because of the heavy traffic. Moreover, PM10 factor loadings in these 
particular areas also indicate that this pollutant is one of the pollution contributors after CO and NO2. In fact, PM10 
can be easily influenced by other elements such as meteorological factors, namely, humidity and ambient 
temperature, which is consistent with Rahman et al. [15], who emphasized that PM10 tends to be in high 
concentration when the humidity is low and the temperature is high. The PM10 mass concentration can also be 
ascertained from different monsoon directions [5]. Verma and Desai [19] had evidently demonstrated that a high 
temperature contributes to high levels of air pollutant dispersion. However, as a whole, further research needs to be 
conducted in order to investigate in detail the main sources of each type of pollutant. 
Table 3 Main results of factor loadings after PCA varimax-rotation at all sites 
Variables CA0011  CA0016  CA0025  CA0054  CA0058 PC1 PC2  PC1 PC2  PC1 PC2  PC1 PC2  PC1 
SO2 0.176 0.812  0.287 0.239  0.258 0.341  0.145 0.777  0.072 
NO2 0.583 0.270  0.793 0.057  0.772 0.037  0.726 -0.054  0.762 
O3 0.449 -0.549  -0.039 0.929  0.016 0.938  0.243 -0.645  0.510 
CO 0.854 0.150  0.861 -0.127  0.880 -0.075  0.757 0.045  0.768 
PM10 0.805 -0.096  0.611 0.423  0.755 0.269  0.716 0.015  0.825 
              
Eigenvalue 1.961 1.053  1.894 1.051  2.078 1.003  1.695 1.024  2.116 
Variance (%) 38.974 21.300  36.545 22.354  40.122 21.504  33.865 20.516  42.328 
Cumulative variance 
(%) 38.974 60.275  36.545 58.899  40.122 61.626  33.865 54.380  42.328 
Values in bold indicate the variables that mostly influence the associated principal component 
4. Conclusion  
A preliminary assessment was conducted to evaluate the air pollution trends and potential sources emission in 
selected areas in Klang Valley. There were differences in the means of both sites and years, therefore concluding 
that there were statistically significant differences from the results of ANOVA. Simultaneously, PCA was proven to 
act as a useful statistical method for air pollutant sources identification. The results of PCA were mostly dominated 
by CO, NO2 and PM10, of which were the major sources of outdoor air pollution in Klang Valley, followed by SO2 
and O3. However, a detailed explanation is constrained for this study due to the limitation of data, e.g., air pollutant 
index (API) values and meteorological data such as wind direction, wind speed, relative humidity and ambient 
temperature. The addition of these related data can eventually assist this study with a better and convincing 
explanation of the relationship or correlation between the air pollutants and the associated factors that influenced the 
behavior of air quality levels in that particular area. In fact, the adoption of GIS in this study for interpolation would 
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be a very practical method to be used in future investigations in order to visualize the trend of air pollution in the 
city. Nevertheless, this preliminary study can eventually help to give a clear view on what is happening in these 
urban and industrial areas based on their level of air quality. Predominantly, air pollution is mainly caused by 
vehicle and industrial emission in general. Thus, in order to tackle emissions from motor vehicles especially, the 
government and other related agencies may propose on comprehensive motor vehicle emission control programs. 
Also, the use of technological solutions in transportation is one of the ways in which road traffic pollution can be 
reduced. It is worthy to note that it may not cover a long term transport solution associated with the urban air 
pollution, and therefore, a combined management scheme is needed to reduce traffic, especially in urban centers.  
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